The serious air pollution problem has determined public concerns, worldwide. One of the main challenges for countries all over the world is caused by the elevated levels of ground-level ozone (O 3 ) concentrations and its anthropogenic precursors. Ploiesti city, as one of the major urban area of Romania, is facing the same situation. This research aims to investigate spatial and temporal distribution characteristics of O 3 in relationship with nitrogen oxides (NO x ) using statistical analysis methods. Hourly O 3 and NO x measurements were collected during 2014 year in Ploiesti. The results obtained showed that the ozone spatial distribution was non-normal for each month in 2014. The diurnal cycle of ground-level ozone concentrations showed a midday peak, while NOx diurnal variations presented 2 daily peaks, one in the morning (7:00 a.m.) and one in the afternoon (between 5:00 and 7:00 p.m.). In addition, it was observed a distinct pattern of weekly variations for O 3 and NO x . Like in many other urban areas, the results indicated the presence of the "ozone weekend effect" in Ploiesti during the 2014 year, ozone concentrations being slightly higher on weekends compared to weekdays. For the same monitoring site, the nitrogen oxides were less prevalent on Saturdays and Sundays, probably due to reducing of road traffic and other pollution-generating activities on weekends than during the week.
One of the main problems caused by air pollution in urban areas is the presence of photochemical oxidants. Among these, ozone (O 3 ) and nitrogen oxides (NO x ) are particularly important because they are capable of causing adverse effects on human health [1] .
Ground-level ozone (O 3 ) is not directly emitted in the air; it is a secondary air pollutant produced as a result of the photochemical interaction of nitrogen oxides (NO x ) and volatile organic compounds (VOCs), through a complex set of reactions under the influence of solar radiation [2] . Even at relatively low levels, ozone can have important adverse effects on human health (irritates the airways, decreases the lung function, and aggravates lung diseases) [3, 4] . O 3 can damage plants and ecosystems, and contributes to climate change as an important greenhouse gas [5] .
In troposphere, photo-dissociation of NO 2 is the only significant source of atomic oxygen: NO 2 + hν →NO + O, (at wavelengths λ < 430 nm) (1) Atomic oxygen formed reacts with molecular oxygen forming the ozone:
O + O 2 → O 3 (2) Freshly produced NO (eq.1) reacts with ozone and destroy it:
This is the main reason of the low concentration of ozone recorded on roadsides or in urban areas characterized by intense traffic: fresh NO reacts with ozone producing regeneration of NO 2 and maintaining the ozone at low levels in these areas [6] .
The relationship between O 3 , NO x and VOCs is a complex one. In the presence of a high level of VOCs, the * email: cornelianache@yahoo.com emissions of NO x can promote O 3 formation, but the same NO x emissions can restrict or even reduce O 3 formation when the level of VOCs are scarce [7] . In absence of VOCs, the O 3 of reaction (2) combines with NO, and will regenerate NO 2 and O 2 (eq. 3). In the presence of VOCs, they are oxidized to free radicals, which react with NO, producing NO 2 . Consequently, this will promote the accumulation of O 3, because it is not consumed. It can be said that the VOC/NO x ratio determines whether the available NO x behaves as a O 3 generator or a O 3 inhibitor [7] .
VOCs and NO x concentrations measured in the ambient air result from the integrated impact of many anthropogenic sources and concentrations. The main source of NO x in the air is represented by complete combustion processes, particularly from vehicle emissions in high traffic areas [8, 9] . VOCs are emitted directly into the atmosphere from a variety of natural and anthropogenic sources [8] . The main group of atmospheric VOCs and a precursor to O 3 production is Non-methane hydrocarbons (NMHCs) [9] .
Worldwide studies have shown that in many monitoring sites, despite the fact that emissions of VOCs and NOx were lower on weekends, O 3 concentrations are usually higher in weekends for the same locations [10] [11] [12] [13] . This behavior of ozone is known as ozone weekend effect and refers to the aspect that measurements of ozone in some places are typically higher on weekends than on the weekdays. This effect is present in most of monitoring sites worldwide, despite the emissions of ozone precursors, which could come from various sources (e.g., car traffic) is expected to produce total emissions lower on weekends compared to weekdays.
The weekend effect of ozone does not occur everywhere. It was reported at many monitoring sites worldwide [10] [11] [12] [13] , but this effect can be either negligible or absent in other places [7] .
Other air pollutants show the weekend effect too, but usually in the opposite direction compared to ozone. Recent studies indicated that concentrations level of particulate matter (PM10, PM2.5), nitrogen dioxide (NO 2 ), carbon monoxide (CO) tend to decrease on weekend compared to weekdays [14] [15] [16] .
In the present, in Ploiesti air quality is assessed using data recorded at six automated air quality monitoring stations that belong to the Romanian National Network for Air Quality Monitoring (RNMCA). In the very recent period, it was developed an innovative system for monitoring air quality in Ploiesti based on intelligent solutions for forecasting and early-warning, which operates independently of the official RNMCA and that will complete in the near future the information necessary for an efficient air quality management [17, 18] .
This study investigated variations in O3 concentrations and its association with NOx in Ploiesti city, where most of the NOx is emitted by industrial sources (power plants and oil refineries) and by road traffic. The present work is based on the statistical analysis of O 3 and NO x data measured in Ploiesti city during the 2014 year, at several monitoring stations that are part of RNMCA. The principal aim of this research was to analyze spatial and temporal variations of ozone concentrations recorded at monitoring stations with different backgrounds and to assess the weekday/weekend pattern of ozone and NO x in Ploiesti for a better understanding of the mechanisms of reducing O 3 pollution threats.
Experimental part
Ploiesti city, is a major urban industrial area from Southeast of Romania (44°562 243 N Lat.; 26°012 003 E Long.). The raw data for this study were recorded at 4 automated monitoring stations from Ploiesti that are described in table 1.
The monitoring stations recorded concentrations of O 3 and NO x continuously, at an interval of one-hour for a period of 24-hours, using automated analyzers. Ozone concentrations were determined according with reference method from SR EN 14625/2012, using an ozone analyzer (model ME9810B) based on UV-photometry principle. The concentrations of NO x (NO and NO 2 ) were determined according with SR EN 14211/2012, using an analyzer model ME9841B, based on the chemiluminescence measurement principle.
In the present study, a multi-criteria analysis of the time series of O 3 and NO x recorded in Ploiesti city was used during one year period. Time-series analysis represents a powerful instrument for processing of the environmental pollutants concentrations [19, 20] .
The time series of O 3 and NO x analyzed in the present work were extracted from AirBase (http://acm.eionet. europa.eu/databases/airbase/), which is the European air quality database maintained by the European Environmental Agency. This meta-database consists of data for a number of air pollutants submitted by participating countries throughout Europe. The raw data regarding O 3 and NO x resulted from the air quality surveillance performed by the automatic monitoring stations from Ploiesti during the 2014 year, which were statistically analyzed in order to examine the evolution (the status and temporal and spatial variability) of pollutants' concentrations of concern.
Ozone and NO x data distributions have been studied using simple graphical methods (histograms and time variation plots) and statistical tests. Statistical analyses of time series were conducted using SPSS (SPSS Inc., Chicago, IL, 2011).
Results and discussions Monthly distributions of O 3 data
Ozone data from the PH-2 monitoring station from Ploiesti was analyzed in detail (having in view the consistency of the time series i.e., 7414 valid data, 84.6%). The data analyzed represents hourly average values of O 3 and covered 1 year period (January 2014 to December 2014). Figure 1 shows the monthly histograms of O 3 hourly average concentrations collected at PH-2 monitoring station from Ploiesti and indicate that for each month, ozone data are not normally distributed (p<0.01 for Shapiro-Wilk test of normality). All the histogram were skewed towards right.
The monthly histograms present how ozone distribution is varying depending on the month of the year. It can be observed that there are two different categories of histograms. In the cold season of the year (January, February March, November and December), the highest frequency of ozone concentrations was found at low levels of ozone concentrations (<10 µg×m -3 ). In the warmer months (May to September), the highest frequency was observed when ozone concentrations were larger than 15 µg×m -3 (especially in August and September, when the highest frequency was at a level of ozone concentration around 30 µg×m -3 ).
The histograms revealed the non-parametric nature of ground-level ozone. Therefore, Spearman correlation was applied to estimate the degree of co-variance between hourly ozone concentrations recorded at PH-2, PH_3, PH-4 and PH-6 monitoring stations and NO x , NO 2 and CO concentrations recorded at PH-6 stations. The results are presented in table 2.
It can be observed that all investigated variable were significantly correlated (p<0.01), except CO recorded at PH-6 and O 3 recorded at PH-2 (p=0.054). The Spearman correlation coefficients (r) for hourly average data between NO x recorded at PH-6 stations and the other pollutants were -0.447, 0.384, -0.401 ,-0.719, 0.532 for O 3 _PH2, O 3 _PH3, O 3 _PH4, O 3 _PH6 and CO_PH6, respectively. A strong correlation was observed only between NO x and O 3 recorded at PH-6 station (r=-0.719). As it was expected, ozone was inversely correlated with NO x and CO at all monitoring stations.
Ozone distribution at monitoring stations with different backgrounds
The road traffic was usually linked with certain air pollutants such as particulate matter (e.g. PM10 and PM2.5), nitrogen oxides (NOx) or carbon monoxides (CO). Ozone was rarely studied in connection with traffic because it is a secondary pollutant. Recent studies indicated that there are two ways by which ozone levels are linked with traffic: (i) NOx and VOCs that are the main ozone precursors and are emitted by traffic and react in the presence of solar radiation forming ozone; ii) freshly produced NO by photo-dissociation of NO 2 , reacts with ozone and destroy it (eq.3). That means the O 3 distributions can var y spatially depending on the nature of the monitoring site. It was demonstrated that the ozone concentrations are generally lower at monitoring sites characterized by intense car traffic than in the rural areas [7] .
The monitoring station PH2 is an urban-background station located near roads with intense car traffic (between 2,000 and 10,000 vehicles/day). These type of monitoring sites are characterized by elevated levels of NO x that react with O 3 , keeping O 3 concentrations at low levels by contrast with rural monitoring sites that usually have low levels of NO x and high levels of ozone [7] .
In this section, data were analyzed from two types of monitoring stations in Ploiesti: an urban background station (PH-2) and two suburban-background stations: PH-3 and PH-4. Figure 2 presents the histograms of O 3 hourly average concentrations recorded at PH-2, PH-3 and PH-4 monitoring station in Ploiesti in 2014. The results indicated that the concentrations of O 3 were higher in suburban areas (i.e., PH-3 and PH-4) when are compared to stations located in urban area (PH-2 station). In addition, analyzing the daily average concentrations of O 3 recorded at PH-2, PH-3 and PH-4 monitoring stations (23.38µg×m -3 , 27.34µg×m -3 and respectively 26.16µgm -3 ) it can be concluded that the levels of O 3 were higher in suburban area.
The low concentration of O3 recorded at PH-2 station (located in urban area) could be the result of high NO x emissions from intense traffic surrounding the station. NOx influences the concentration of O 3 , especially in urban areas [21] . In areas that have a high volume of traffic, the amount of O 3 in city center will be reduced. The PH-2 monitoring station is located 30 m away from a major traffic road and is surrounded on four sides by small streets at distances between 50 and 300 m. It is estimated that the volume of traffic is moderate (between 2,000 and 10,000 vehicles/ day) but can contribute to reducing of O 3 levels due to NO x resulted by vehicle traffic.
On the other hand, O 3 is formed due to complex photochemical reactions between VOCs and nitrogen oxides NOx, as precursors of O 3 . The main source of NOx in the air is represented by complete combustion processes from vehicle emissions in high traffic areas [9] . VOCs are emitted into the atmosphere from a variety of anthropogenic sources [22] like chemical plants, oil refineries, solvents industry, etc. In the presence of a high level of VOCs, the emissions of NO x can determine accumulation of O 3 . The monitoring station PH-4 is located near the industrial platform Brazi (oil refinery), which could be an important source of VOC emissions in the area of study. These VOCs emission could contribute to the higher concentrations of O 3 recorded at PH-4 station.
Diurnal Variation of O 3 and NO x Concentrations
The average diurnal variation of NO x and O 3 concentrations during 2014 in Ploiesti city are shown in figure 3 . In general, the diurnal cycle of ozone concentration reaches a peak during the middle of the day and has lower nighttime concentrations [23] . The ozone concentration slowly increases after the sun rises, reaching its maximum during the daytime, and then slowly decreases until the next morning. It can be observed that the maximum level of O 3 occurred during the middle of the day (1:00 to 2:00 p.m.). The diurnal cycle of NO x presents two peaks. After the morning peak (7:00 a.m), NO x diminishes until it reaches its lowest value in the hourly interval 1:00 to 2:00 p.m.. The morning peak is almost equal in magnitude with the evening peak. During the afternoon, NO x reaches its second highest value between 5:00 and 7:00 p.m. It can be observed that the O 3 peak appears about 6 h after the NO x peak. The decrease of NO x concentration is in correlation with an increase in O 3 level. This pattern in the temporal variability of air pollutants can be found in many cities, worldwide [23, 24] . Even if the variations are sometimes affected by local meteorological effects, the basic pattern always remains. This variation appears due to the photo-chemical reaction involved in formation of O 3 and other compounds, called precursors. From 8:00 a.m. to 2:00-3:00 p.m., an increase in global solar radiation and the height of the mixing layer results in a decrease in NOx concentration and an increase in O 3 [23] .
Temporal variations in NOx and O 3 concentrations
The correlation between ozone and NO x was investigated using some diagrams, which present the association of O 3 and NO x showing how their mixing ratios change during different months of the year, hours of the day and days of the week. Figure 4 reveals that ozone mixing ratios are higher during spring and summer (March, April, May, June, July and August) and lower during winter months (January, February, November and December). On the other hand, NO x mixing ratios are higher in winter (January, February, November and December) and lower during summer months (May, June, July and August).
In winter, the high NO x ratios were probably resulted from slow chemical reactions and slower pollutant dilution due to the stagnant atmospheric conditions; the opposite happens in summer due to a better chemistry and dilution. On the other hand, O 3 is a secondary pollutant and is mostly produced in the atmosphere by photochemical reactions of NO x and VOCs driven by solar radiation (Ultraviolet radiation -UV). Therefore in winter because of low UV radiation and temperature, O 3 production is minimal. In summer, high UV radiation and temperature are responsible for the relatively higher levels of ozone. Figure 5 presents the variations of NO x and O 3 on a weekly basis. It can be observed that on weekend, it was recorded the highest ozone concentrations levels and the lowest NO x . Ozone levels are in connection with traffic activity by the NO x scavenging effect.
A possible explanation of such weekly pattern could be the fact that on weekend, in Ploiesti, the road traffic is lower than during weekdays (because many companies do not operate in weekend). Consequently, the lower traffic volumes produced less NO x , which resulted in less ozone destruction. Therefore, the O 3 levels were higher on weekend compared to weekdays. In Ploiesti city, the diurnal changes in NOx and O 3 levels seem to be linked with traffic volume. The diurnal trend of ozone is dominated by solar radiation. In weekdays, the highest ozone mixing ratios were observed at 1:00 to 2:00 p.m. when UV radiation is often at a maximum and the lowest O 3 level at 6.00 to 7.00 a.m. in the morning, due to the overnight dry deposition and NOx "scavenging" effect. NO x levels were strongly linked with traffic volume and on weekdays reached a maximum level at 7.00 to 8.00 a.m when roads traffic activity is at peak (so called rush-hour). After this first peak, NOx levels showed an important decrease but increased again at about 5.00 to 6.00 p.m. in the evening, probably due to late afternoon traffic peak hours.
On weekend ( fig.5 ), the pattern for NO x and O 3 was different, both in concentrations and in hourly interval of peaks. It can be observed that the morning peak of NOx was significantly lower in magnitude than the evening peak and was recorded in a different hourly interval (8.00 to 10.00 a.m.). Regarding ozone concentrations, the results showed an average increase of 9.47% in conditions of a decreasing of NO x with 13.02%.
Conclusions
This article analyses the variation of NO x and O 3 concentrations recorded in Ploiesti during one-year period. The results indicated that the diurnal cycle of ozone concentration had a mid-day peak and lower nighttime concentrations. In the study area, the daily cycle of NO x concentration showed a diurnal variation with 2 peaks: a morning peak (7.00 a.m.) and an afternoon peak, between 5.00 and 7.00 p.m. In addition, ozone and NO x showed a distinct pattern of weekly variations. The O 3 concentrations were slightly higher on weekends compared to weekdays (the ozone weekend effect), in opposite with the pattern of the weekly variations of NO x . The study found that nitrogen oxides were less prevalent on Saturdays and Sundays, probably due to the reducing of road traffic and other pollution-generating activity on weekends. Temporal variations in NO x and O 3 concentrations showed that in Ploiesti city, the ozone weekend effect was observed, revealing an increase of O 3 levels with 9.47% while NO x decreased with 13.02% on weekend. The results indicated the O 3 levels dependence on the type of monitoring site: urban background monitoring stations recorded a lower O 3 concentration compared with the sub-urban background, which means that NO x could be a dominant factor in controlling of O 3 levels in Ploiesti. The results of this study showed that NO x reduction (as precursor of O 3 ) does not guarantee a decrease in O 3 level. In the same time, there is a need for further researches to analyze the reducing of the O 3 concentrations in relations with a proper VOC/NO x ratio, having in view that NO x emission reductions could be counterproductive for reducing ambient ozone levels when VOCs emission are present in a relative abundance.
